The prevalence of diabetes mellitus (DM) is increasing worldwide and more in developing countries including India. The increasing prevalence in developing countries is related to increasing urbanization, decreasing levels of physical activity, changes in dietary patterns and increasing prevalence of obesity[@ref1][@ref2][@ref3][@ref4][@ref5]. As women with gestational diabetes mellitus (GDM) and their children are at increased risk of developing diabetes mellitus in future, special attention should be paid to this population especially in developing countries.

GDM is defined as glucose intolerance of varying degree with onset or first recognition during pregnancy[@ref1]. Prevalence of gestational diabetes mellitus varies widely. Depending on the population studied and the diagnostic test employed, prevalence may range from 2.4 to 21 per cent of all pregnancies[@ref2][@ref5]. In India it is difficult to predict any uniform prevalence levels because of wide differences in living conditions, socio-economic levels and dietary habits. Zargar *et al*[@ref4] found the prevalence of GDM to be 3.8 per cent in Kashmiri women. In a random survey performed in various cities in India in 2002-2003, an overall GDM prevalence of 16.55 per cent was observed[@ref3]. In another study done in Tamil Nadu, GDM was detected in 17.8 per cent women in urban, 13.8 per cent women in semi-urban and 9.9 per cent women in rural areas[@ref5].

The data regarding prevalence of GDM and the number of women affected are important to allow for rational planning and allocation of resources and the preventive strategies that may be undertaken in future. Because widely different prevalence rates have been observed in studies in different regions of India, multiple regional studies in different subtypes of populations are needed for quantifying prevalence data as well as risk factors associated with it. The present study was, therefore, undertaken to study the prevalence of GDM in women attending a tertiary care hospital in Haryana and associated risk factors.

Material & Methods {#sec1-1}
==================

This study was carried out during June 2009 to January 2011 in antenatal care clinic at Post Graduate Institute of Medical Sciences (PGIMS), Rohtak, Haryana. In an earlier study done at various centers across India the prevalence of gestational diabetes mellitus was found to be 16.55 per cent[@ref3]. Assuming this prevalence with relative error of 20 per cent at level of significance of 95%, a sample of 500 eligible subjects was required. All pregnant women with estimated gestational age between 24^th^ and 28^th^ weeks attending ANC clinic during the study period were included in the study. All women were informed about the nature of study and those who consented were included in the study. The study protocol was approved by the institutional ethics committee. Women who were known diabetics, or who were suffering from any chronic illness were excluded from the study. A proforma containing general information on demographic characteristics, socio-economic status (according to Kuppuswami classification)[@ref6], education level, parity, family history of diabetes and/or hypertension in first degree relatives and past history of GDM was filled up for each women. The women were advised to take their regular diet for three days and to come to ANC clinic after observing overnight fast (at least 8 h but not more than 14 h) for oral glucose tolerance test (OGTT). After estimating fasting capillary glucose all participants were subjected to OGTT with 75g anhydrous glucose powder dissolved in 250-300 ml water to be consumed within five minutes. Time was counted from the start of the drink. Fasting, 1 and 2 h post-glucose (FPG & PG) load, plasma glucose levels were estimated by glucometer (Ultra 2; Johnson and Johnson, New Brunswick, NJ), which was validated. In every tenth case venous plasma glucose was estimated by using glucose oxidase method[@ref7]. The correlation coefficients for FPG, 1 and 2 h PG by glucometer and laboratory method were 0.96, 0.91 and 0.87. While waiting after the intake of 75 g glucose, the women were asked to avoid physical activity during the next 2 h. Anthropometry (weight, height, BP, *etc*.) was done after OGTT. BMI was calculated based on reported pre-pregnancy weight of the participant.

According to diagnostic criteria recommended by the American Diabetes Association (ADA) for a 2-h 75g OGTT, GDM is diagnosed if two or more plasma glucose levels meet or exceed the following thresholds, fasting glucose concentration of 95 mg/dl, 1-h glucose concentration of 180 mg/dl, and 2-h glucose concentration of 155 mg/dl[@ref1].

*Statistical analysis*: Chi-square test was used to test the difference between two proportions. Odds ratios were calculated for different risk factors using bivariate and multiple logistic regression analyses. All statistical analyses were performed using SPSS version 17.0 software (SPSS Inc. Chicago IL).

Results {#sec1-2}
=======

A total of 607 women were enrolled during the study period and their baseline characteristics are shown in [Table I](#T1){ref-type="table"}. GDM was diagnosed in 43 (7.1%) women based on ADA criteria. Of these, 17 women had all three values abnormal on OGTT and 26 women had two abnormal values. A single abnormal value was observed in 66 (10.87%) women, in whom fasting plasma glucose was the most common abnormal value seen in 55 women.

###### 

Baseline characteristics of the study population

![](IJMR-137-728-g001)

Most of the participants were below 26 yr of age (463, 76.3%) and highest number of participants were in the age group 21-25 yr (353, 58.2%). The mean age of participants was 23.62 ± 3.42 yr (range 18-38). The prevalence rate was higher in women aged 26-30 and \>30 yr (11.57 and 34.8%, respectively) compared to women aged 16-20 and 21-25 yr (4.54 and 4.53%, respectively) and this observation was found to be statistically significant (*P*\<0.001).

GDM rate increased with increasing educational qualification of the participants with highest being in women (19/133) who were graduate or above (14.3%). Only 7/30 (3.3%) illiterate women and 2/72 (2.8%) with primary school education had GDM. This observation was found to be statistically significant (*P*=0.003).

The prevalence of GDM was found to be higher in women belonging to upper and upper middle class (5/20, 25% and 20/119, 16.8%, respectively) and it was statistically significant (*P*\<0.001) as compared to women belonging to lower middle class 10/219 (4.6%) and upper lower class 8/230 (3.4%). The mean age and BMI of women in upper class were significantly higher (*P*\<0.01, \<0.001, respectively) as compared to other socio-economic classes ([Table II](#T2){ref-type="table"}).

###### 

Comparison of mean age and BMI of participants based on socio-economic status
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A significant association was found between prevalence of GDM and increasing BMI of participants (*P*\<0.001). Women having BMI \>25 kg/m^2^ had GDM 11/50 (22%) compared to 11/232 (4.7%) in women with BMI \<18.5 kg/m^2^. Ten of 60 (16.7%) women with pre-pregnancy weight above 60 kg were found to have GDM compared to 14/157 (8.9%) in women with weight between 51 and 60 kg, 16/291 (5.5%) in women with weight between 41 and 50 kg and only 3/99 (3%) in women with weight less than or equal to 40 kg. This trend of increasing prevalence with increasing pre-pregnancy weight was found to be statistically significant (*P*=0.005).

Women diagnosed to have GDM had significant higher weight gain compared to non-GDM women. 11/43 (25.6%) of GDM women had weight gain of 7-10 kg in comparison to 11.7 per cent of non-GDM women (*P*\<0.05). Also, the mean weight gain in GDM women was higher than non-GDM women (5.44 ± 1.86 compared to 4.52 ± 1.58 kg) and this was statistically significant (*P*\<0.001).

Acanthosis nigricans was present in 75 (12.4%) women. 20/43 (46.5%) women with GDM had acanthosis nigricans compared to 55/564 (9.8%) of the women without GDM. There was a significant association of acanthosis nigricans with GDM (*P*\<0.001).

Fifty (8.24%) women had family history of diabetes mellitus, 7/43 (16.3%) women with GDM had positive family history compared to 43/564 (7.6%) women without GDM. This association was found to be significant (*P*\<0.05). Of the total 36 (5.93%) women with family history of hypertension, six were found to have GDM. A positive family history of hypertension was more common in women with GDM (14%) than in women without GDM (5.3%). This association was found to be significant (*P*\<0.05). Family history of both DM and hypertension was present only in eight women. No significant association was observed between family history of DM and hypertension with GDM. History of GDM in previous pregnancy was present in three women only and two of these developed GDM again. This association of history of GDM in previous pregnancy with GDM in index pregnancy was found to be significant (*P*\<0.001).

Using bivariate analysis odds ratios were calculated for risk factors found to be positively associated with GDM ([Table III](#T3){ref-type="table"}). The odds ratio was highest for past history of GDM (27.46), followed by acanthosis nigricans (8.05) and socio-economic status \>upper middle class (5.48). On multiple logistic regression analysis, only upper middle class and acanthosis nigricans were found to be significant risk factors for GDM ([Table IV](#T4){ref-type="table"}).

###### 

Odds ratio for risk factors found to be associated with GDM (based on bi-variate analysis)
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###### 

Odds ratio for risk factors found to be associated with GDM (based on multiple logistic regression analysis)
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Discussion {#sec1-3}
==========

In India, in a study done in 1982[@ref8] the prevalence of GDM was found to be 2 per cent followed by 7.62 per cent in 1991[@ref9] in another study. GDM was reported to be 6.7 per cent in rural women of Jammu district[@ref10]. In a random survey performed in various cities in India in 2002-2003, the prevalence of GDM was 16.2 per cent in Chennai, 15 per cent in Thiruvananthapuram, 21 per cent in Alwaye, 12 per cent in Bangalore, 18.8 per cent in Erode and 17.5 per cent in Ludhiana[@ref3]. An overall GDM prevalence of 16.55 per cent was observed. In another study done in Tamil Nadu (2005-2007), a total of 4151, 3960 and 3945 pregnant women were screened in urban, semi-urban and rural areas, respectively and GDM was detected in 17.8, 13.8 and 9.9 per cent women, respectively[@ref5]. In a study done at a tertiary care hospital in Maharashtra the prevalence of GDM was found to be 7.7 per cent and 13.9 per cent women were found to have a single abnormal value on OGTT[@ref11]. Use of different criteria for diagnosis of GDM may be responsible for different prevalence rates of GDM.

In our study 43 (7.1%) women were found to have gestational diabetes mellitus. None of them was a known case of diabetes. An additional 66 (10.87%) women had a single abnormal value on 2-h OGTT. Of these 66 women, 55 (83.33%) had abnormal fasting plasma glucose value. The mean fasting plasma glucose values of women with GDM was 103.85 ± 14.93 mg/dl compared to 86.22 ± 6.70 mg/dl in normal women (*P*\<0.001). The prevalence of GDM in our study was similar to that reported by Swami *et al*[@ref11] in Maharashtra (7.7%), using the ADA criteria. The Brazilian Gestational Diabetes Study evaluated the ADA and World Health Organization (WHO) diagnostic criteria against pregnancy outcomes in an observational study of nearly 5000 women[@ref2]. Using the 2-h 75 g OGTT criteria proposed by the ADA, the incidence of GDM was 2.4 per cent and it was 7.2 per cent using the WHO criteria. This study concluded that, although the WHO criteria identified more cases of GDM, both the ADA and WHO criteria are valid options for the diagnosis of GDM and the prediction of adverse pregnancy outcomes[@ref2].

GDM showed an association with increasing age, higher parity, higher pre-pregnancy weight and BMI, history of diabetes in first degree relatives, past history of gestational diabetes in various studies[@ref3][@ref4][@ref5][@ref12][@ref13][@ref14][@ref15][@ref16]. In the present study, GDM was found to be associated with increasing age, higher educational level and socio-economic status, higher pre-pregnancy weight and BMI, higher weight gain during pregnancy, acanthosis nigricans, family history of diabetes or hypertension and past history of GDM.

In our study, prevalence of GDM increased significantly with increasing age. A similar association has been seen in earlier studies[@ref4][@ref5][@ref11][@ref13]. In our study the odds of a woman \>25 yr developing GDM were 3.8 times than a woman \<25 yr of age. Seshiah *et al*[@ref5] reported an odds ratio of 2.1 for women th \> 25 yr of age.

A significantly higher prevalence of GDM was observed with increasing educational level. This could be because of higher age of these women. Innes *et al*[@ref17] had found an inverse association between the educational level of the pregnant woman and gestational diabetes mellitus. In another study carried out in Italy high levels of maternal education were found to be associated with reduced risks of GDM, compared to less educated women[@ref18]. Yang *et al*[@ref19] did not find an association between GDM and education in Chinese pregnant women.

A significant association of gestational diabetes mellitus was seen with socio-economic status of the participants. This association could be related to multiple factors such as higher maternal age, higher pre-pregnancy weight and BMI, more sedentary lifestyle in women of higher socio-economic status. Yang *et al*[@ref19] did not find such an association in Chinese pregnant women while Keshavarz *et al*[@ref20] found an association between GDM with low socio-economic level in pregnant Iranian women[@ref18].

Obesity is an important risk factor in the development of GDM[@ref5][@ref14]. In our study GDM was found to be significantly higher in women with higher BMI and higher pre-pregnancy weight. Higher prevalence of GDM in women with higher BMI has also been observed in earlier studies as well[@ref5][@ref11][@ref14]. Normal weight gain during pregnancy is 6 kg by the end of second trimester[@ref21]. In our study, women with GDM had a significantly higher gain in weight compared to women without GDM. Saldana *et al*[@ref22] observed that weight gain was significantly higher in women with gestational diabetes than in those with normal blood glucose. Bo *et al*[@ref23] had observed that hyperglycaemia in pregnancy was a risk factor for excess gestational weight gain.

Higher parity has been found to be associated with higher prevalence of GDM in a few studies[@ref3][@ref4]. In our study, this association was not found to be statistically significant. Jang *et al*[@ref24] found greater ratio of women with GDM in the group with parity \>2, in comparison to primiparas but after controlling for age, pre-pregnancy BMI, height, family history of diabetes mellitus and weight gain during pregnancy, the results were not statistically significant.

It was observed in our study that acanthosis nigricans was significantly more common in women with GDM. Acanthosis nigricans is a marker of insulin resistance but may be confused with skin pigmentation, including that altered by pregnancy[@ref25][@ref26]. An association with GDM suggests a component of insulin resistance in development of GDM as has been observed in other studies[@ref25][@ref26].

Family history of diabetes mellitus has been reported to be associated with higher chances of developing GDM[@ref4][@ref5][@ref11][@ref15]. In our study, a significantly higher per cent of women with GDM had positive family history of diabetes mellitus. Seshiah *et al*[@ref5] observed a significant association between the family history of diabetes mellitus and the occurrence of GDM among pregnant women.

A significant association between history of GDM in previous pregnancy and development of GDM in the index pregnancy was seen, though the number of women with past history of GDM was small. The odds ratio was found to be 27.46. McGuire *et al*[@ref16] observed an odds ratio of 23 for women with prior GDM.

To conclude, the present study reports 7.1 per cent prevalence of GDM from a tertiary care hospital of Haryana and highlights the importance of carrying out prevalence studies in different geographical regions of India to delineate the exact prevalence of GDM in the country.
